R heumatoid arthritis is a systemic autoimmune disease characterized by inflammatory synovitis and progressive joint destruction, which are associated with severe disability and increased mortality. Progress in treatment with the use of conventional synthetic disease-modifying antirheumatic drugs (DMARDs), such as methotrexate, and biologic DMARDs that target tumor necrosis factor (TNF) has made clinical remission a realistic target. 1 Activated Janus kinases (JAKs) play pivotal roles in intracellular signaling from cell-surface receptors for multiple cytokines implicated in the pathologic processes of rheumatoid arthritis. 2 Baricitinib, an orally available small molecule, provides reversible inhibition of JAK1 and JAK2 and has shown clinical efficacy in studies involving patients with rheumatoid arthritis. [3] [4] [5] [6] The RA-BEAM trial was a global, phase 3, double-blind, placebo-and active-controlled trial involving patients with moderately to severely active rheumatoid arthritis. The trial was designed to assess changes in disease activity, structural preservation, and patient-reported outcomes (including physical function), in addition to the safety and side-effect profile of a regimen of 4 mg of oral baricitinib once daily, in patients who had had an inadequate response to methotrexate. Comparisons were made with placebo and the TNF-α inhibitor adalimumab, a standard-of-care biologic DMARD for patients with moderately to severely active rheumatoid arthritis.
Me thods

Patients
Patients were 18 years of age or older and had active rheumatoid arthritis (≥6 tender joints of 68 examined, ≥6 swollen joints of 66 examined, and a high-sensitivity serum C-reactive protein level of ≥6 mg per liter). Patients had had an inadequate response to methotrexate, having received 12 weeks or more of therapy before trial entry, including 8 weeks or more at stable doses of 15 to 25 mg per week, unless lower doses were clinically indicated. At baseline, patients were required to have either three or more joint erosions (diagnosed on the basis of centrally evaluated radiographs of hands, wrists, and feet) or one or more joint erosions plus seropositivity for rheumatoid factor or anti-citrullinated peptide antibodies. The criteria for exclusion included previous biologic DMARD therapy, selected laboratory abnormalities, and recent clinically serious infection. Patients with evidence of latent tuberculosis could enroll if appropriate treatment had commenced 4 weeks or more before randomization.
Study Design and Oversight
RA-BEAM was a randomized, double-blind, placebo-and active-controlled, parallel-group trial that was conducted for 52 weeks at 281 centers in 26 countries. Patients were randomly assigned in a ratio of 3:3:2 to receive placebo, 4 mg of baricitinib once daily, or 40 mg of subcutaneous adalimumab every other week, in addition to existing background therapy (including methotrexate). At week 24, patients receiving placebo were switched to baricitinib and were unaware of the change in treatment. Patients with an estimated glomerular filtration rate of 40 to less than 60 ml per minute per 1.73 m 2 (approximately 4%) received 2 mg of baricitinib if assigned to baricitinib treatment. Concomitant stable doses of conventional synthetic DMARDs, nonsteroidal antiinflammatory drugs, analgesics, or glucocorticoids (≤10 mg of prednisone or the equivalent per day) were permitted.
At week 16, patients whose counts of tender and swollen joints were reduced by less than 20% from baseline at both week 14 and week 16 received open-label rescue treatment (4 mg of baricitinib). Afterward, patients received rescue treatment at investigators' discretion on the basis of joint counts. Patients who completed the trial were eligible to enter a long-term extension study or were seen for follow-up (up to approximately 28 days after the end of treatment).
The trial was designed by the sponsor, Eli Lilly, an academic advisory board that included authors who were not employees of Eli Lilly, and Incyte. The study was conducted in accordance with ethical principles of the Declaration of Helsinki and Good Clinical Practice guidelines and approved by each center's institutional review board or ethics committee. All the patients provided written informed consent. The trial commenced in November 2012 and was completed in September 2015 and enrolled patients from November 2012 through September 2014. Eli Lilly or its representatives provided data, laboratory, and site-monitoring services. Adalimumab was manufactured by AbbVie and purchased T h e ne w e ngl a nd jou r na l o f m e dicine through commercial sources. All the authors participated in the analysis and interpretation of the data, reviewed the draft and the final manuscript, provided critical comment, and made the decision to submit the manuscript for publication. The authors vouch for the veracity and completeness of the data and analyses and for the fidelity of this report to the protocol.
Efficacy
For the primary end point, baricitinib was compared with placebo on the basis of the proportion of patients at week 12 with a 20% response according to the criteria of the American College of Rheumatology (ACR20 response). 7 The ACR20 response is a reduction of 20% or more in the number of tender and swollen joints and an improvement of 20% or more in at least three of the following ACR core measures: a patient's assessment of pain, a physician's global assessment of disease, a patient's global assessment of disease, physical function as assessed by the Health Assessment Questionnaire-Disability Index (HAQ-DI), and the level of acute-phase reactant (see Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org, for a description of this and other measures of efficacy).
A major secondary end point was the progression of joint damage from baseline to week 24 detected on radiography as assessed with the use of the van der Heijde modification of the total Sharp score (mTSS; range, 0 to 448, with higher scores indicating greater structural joint damage). Radiographs were scored by two readers who were unaware of the chronologic order in which the radiographs were obtained, patient identity, and group assignment, with the average score between readers used for analysis. 8, 9 Other major secondary end points (evaluated at week 12) included changes in physical function, as assessed with the HAQ-DI (range 0 to 3, with higher scores indicating greater disability), 10, 11 and in disease activity, as assessed with the Disease Activity Score for 28 joints (DAS28) with the use of high-sensitivity C-reactive protein (DAS28-CRP), with higher scores indicating greater disease activity. Major secondary end points also included remission rate as measured with the Simplified Disease Activity Index (SDAI), with disease remission defined as a score of ≤3.3 (range, 0.1 to 86.0, with higher scores indicating greater disease activity), and patientreported outcomes as recorded daily in an electronic diary, including morning joint stiffness (measured in minutes and in severity), degree of tiredness, and degree of joint pain (with severity of morning joint stiffness, tiredness, and joint pain measured on a numeric rating scale of 0 to 10, with higher values indicating worse ratings).
Comparisons that were controlled for multiplicity included baricitinib versus placebo with respect to all major secondary end points and baricitinib versus adalimumab at week 12 for the ACR20 response and the change from baseline in DAS28-CRP. Secondary and exploratory end points that were not controlled for multiplicity involved comparisons of all applicable groups at each time point (with no use of placebo after week 24) for all efficacy measures mentioned above and other measures. These other measures included ACR50 and ACR70 response rates (i.e., 50% and 70% improvement, respectively), DAS28 with the use of the erythrocyte sedimentation rate (DAS28-ESR), and the Clinical Disease Activity Index.
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Safety
Clinical laboratory tests, vital signs, and other safety assessments were performed at scheduled visits. The incidence and severity of all adverse events were recorded. The National Institutes of Health Common Terminology Criteria for Adverse Events (version 3.0) and the National Cholesterol Education Program categories were used to describe laboratory abnormalities. An independent data and safety monitoring committee regularly reviewed data from this and contemporaneous phase 3 studies of baricitinib. An independent clinical end-point committee adjudicated potential cardiovascular events.
Statistical Analysis
We estimated that an unbalanced randomization of approximately 1280 patients (480 assigned to placebo, 480 to baricitinib, and 320 to adalimumab) would provide sufficient power for comparisons of the ACR20 response rates at week 12 between baricitinib and placebo (estimated power for test of superiority, >95%) and with adalimumab (estimated power for test of noninferiority, 93%), assuming rates of 35% with placebo and 60% with both baricitinib and adalimumab. A prespecified, closed, sequentially rejective, weight-ed Bonferroni multiple-testing procedure was used to control for type I errors related to the primary and major secondary objectives 17, 18 (Fig. S2 in the Supplementary Appendix), including two assessments against adalimumab: a test of superiority with respect to DAS28-CRP and a test of noninferiority with respect to ACR20. A prespecified noninferiority margin of 12% was chosen on the basis of its use in previous headto-head trials involving rheumatoid arthritis 19, 20 and of a Bayesian meta-analysis of multinational, placebo-controlled trials involving similar populations, which determined that a 12% margin would be consistent with the natural variability in reported ACR20 response rates. In the plan for multiple comparisons, if noninferiority was shown, the superiority of baricitinib to adalimumab would be evaluated. After rejection of the primary null hypothesis for the comparison of baricitinib with placebo on the basis of ACR20, the type I error rate was allocated among major secondary hypotheses according to the multiple comparisons procedure. At each step of the procedure, rejection of any null hypothesis resulted in reallocation of the error rate assigned to that hypothesis among the remaining hypotheses until no further hypotheses could be rejected or all were rejected.
The modified intention-to-treat efficacy-analysis set included all the patients who had undergone randomization and been treated with at least one dose of the study drug. Comparisons of categorical efficacy end points were made with the use of logistic regression, with region, baseline joint-erosion status (per entry criteria), and randomized treatment group included in the model. Treatment comparisons of continuous efficacy end points were made with the use of analysis of covariance (ANCOVA), with adjustments for treatment, region, joint-erosion status at baseline, and baseline value. Fisher's exact test was used for the analysis of other categorical data. Continuous safety data were analyzed with the use of ANCOVA, with adjustment for baseline value and treatment. Analyses were assessed at a two-sided alpha level of 0.05 unless otherwise defined in the multiple testing procedure ( Patients who received rescue treatment or who discontinued the study treatment were thereafter considered not to have had a response (nonresponder imputation) for all categorical efficacy outcomes. These patients also had their last observations before rescue treatment or study discontinuation carried forward (modified last observation carried forward) for analyses of continuous efficacy data. Regarding the assessment of HAQ-DI and DAS28 as major end points, if the reason for discontinuation was an adverse event, the baseline observation was substituted at the primary analysis time point (modified baseline observation carried forward). For radiographic measures, scores at week 24 or 52 that were missing or obtained subsequent to rescue treatment or a planned switch to baricitinib as defined in the protocol (available at NEJM.org) were imputed with the use of linear extrapolation from baseline and the most recent postbaseline data obtained before or at the initiation of rescue or switch therapy. In a supportive analysis of radiographic measures, all available observed data (including data obtained after rescue or switch therapy) were used, with missing data imputed by means of the last observation carried forward and patients analyzed according to the group to which they were originally assigned. Alternative methods of analysis (e.g., mixed models for repeated measures and tippingpoint analyses) were conducted to ensure that conclusions were robust and not dependent on mechanisms used to account for missing data. Safety data were analyzed according to the initially assigned group until the initiation of rescue or switch therapy or the completion of the treatment period.
R esult s
Patients
Among 2949 screened patients, 1307 underwent randomization and 1305 were treated and qualified for analysis (Fig. S1 in the Supplementary Appendix). The most common reasons why patients did not proceed to randomization were a high-sensitivity CRP level of less than 6 mg per liter and the absence of joint erosions. Baseline demographic and clinical characteristics were similar among the groups (Table 1, and Table S2 in the Supplementary Appendix). Most patients (>99%) were receiving background methotrexate; the majority had previously received at least two conventional synthetic DMARDs. Rescue rates for the placebo, baricitinib, and adalimumab groups were 27%, 9%, and 15%, respectively T h e ne w e ngl a nd jou r na l o f m e dicine ( Fig. S1 in the Supplementary Appendix). Approximately 86% of the patients participated in the trial for 52 weeks, and a large majority entered a long-term extension study (Fig. S1 in the Supplementary Appendix).
Efficacy
At week 12, the primary ACR20 response rate for baricitinib was 70% as compared with 40% for placebo (P<0.001). Significant improvements with baricitinib as compared with placebo were seen * Plus-minus values are means ±SD. The total number of patients in each group is the number of patients who were randomly assigned to that group and who received at least one dose of the assigned study mediation. There were no clinically significant between-group differences at baseline. DAS28 denotes the 28-joint Disease Activity Score, which is based on the C-reactive protein level (DAS28-CRP) or on the erythrocyte sedimentation rate (DAS28-ESR); HAQ-DI Health Assessment Questionnaire-Disability Index, in which the range of scores is 0 to 3, with higher scores indicating greater disability; and mTSS the van der Heijde modification of the total Sharp score, in which the range is 0 to 448, with higher scores indicating greater damage. See Table S2 in the Supplementary Appendix for information on baseline characteristics and disease activity according to geographic region. † Positivity for anti-cyclic citrullinated peptide antibody was defined as a value that exceeded the upper limit of the normal range (i.e., >10 U per milliliter). ‡ Positivity for rheumatoid factor was defined as a value that exceeded the upper limit of the normal range (i.e., >14 IU per milliliter). § Values for the Physician's Global Assessment, the Patient's Global Assessment, and the patient's assessment of pain range from 0 to 100 mm (visual analogue scale), with higher values indicating greater levels of disease activity or pain. ¶ The upper limit of the normal range for the level of high-sensitivity C-reactive protein is 3.0 mg per liter. ‖ In the Simplified Disease Activity Index, scores range from 0.1 to 86.0, with higher scores indicating greater disease activity and a score of 3.3 or less indicating remission. For data that were missing because of receipt of rescue therapy or premature discontinuation of the study or study treatment, a modified last-observation-carried-forward (mLOCF) method was used to incorporate the last observation before rescue or discontinuation. Panel C shows the LSM change from baseline in the Health Assessment Questionnaire-Disability Index (HAQ-DI) score, calculated with the use of the mLOCF method; negative changes from baseline indicate improvement. Panel D shows the percentage of patients with a Simplified Disease Activity Index (SDAI) score of 3.3 or less (scores range from 0.1 to 86.0, with higher scores indicating greater disease activity and a score of 3.3 or less indicating remission) at weeks 12, 24, and 52. The DAS28-CRP and HAQ-DI were analyzed at week 12 by means of the modified baseline-observation-carried-forward method, which substituted the baseline observation for patients who had left the study because of an adverse event. Panels A through D include all the patients in the modified intention-to-treat efficacy analysis set (i.e., all the patients who underwent randomization and were treated), which included 1305 patients. Three asterisks denote P<0.001 for supportive analyses comparing baricitinib at the 4-mg dose or adalimumab with placebo, without adjustment for multiple comparisons. One plus sign denotes P≤0.05, two plus signs P≤0.01, and three plus signs P<0.001 for supportive analyses comparing 4 mg of baricitinib with adalimumab, without adjustment for multiple comparisons. A dagger denotes comparisons of baricitinib with placebo and baricitinib with adalimumab for the primary and key secondary end points that are statistically significant as calculated with the graphical method for multiple testing, with the studywise error rate strongly controlled at an alpha level of 0.05 for multiple comparisons. T h e ne w e ngl a nd jou r na l o f m e dicine at week 12 with respect to all major secondary end points in the analyses that were controlled for multiple testing, including HAQ-DI, DAS28-CRP, remission according to the SDAI (Fig. 1) , and daily diary measures (i.e., duration and severity of morning joint stiffness, worst tiredness, and worst joint pain) (Fig. S5 in the Supplementary Appendix). A significant reduction in radiographic progression of structural joint damage was seen at week 24 for both baricitinib and adalimumab as compared with placebo (Fig. 2) .
Baricitinib was found to be noninferior to adalimumab at week 12 for the ACR20 response, with a noninferiority margin of 12% (70% for baricitinib and 61% for adalimumab; 95% confidence interval for the difference between groups, 2% to 15%). According to the statistical analysis plan, baricitinib was therefore considered to be significantly superior to adalimumab (P = 0.01). In addition, baricitinib was superior to adalimumab according to the mean change in DAS28-CRP at week 12 (−2.24 for baricitinib vs. −1.95 for adalimumab, P<0.001).
Results for the comparison of baricitinib with placebo and with adalimumab for other secondary and exploratory end points, including ACR50 and ACR70 response rates, DAS28-ESR, SDAI, Clinical Disease Activity Index, and individual components of the ACR response rate, are provided in the Supplementary Appendix. Significant improvements in many efficacy measures, including the ACR20 response rate, DAS28-CRP, and patient-reported outcomes, were observed as early as week 1 for baricitinib as compared with placebo and as early as weeks 2 through 4 for baricitinib as compared with adalimumab ( Fig. 1 , and Fig. S5 in the Supplementary Appendix). Measures of efficacy were maintained or improved through week 52. In prespecified supportive analyses that were based on linear extrapolation or that used all available observed data, including data obtained after rescue or switch therapy (e.g., from placebo to baricitinib after week 24), a significant reduction in radiographic progression as compared with placebo was observed for both baricitinib and adalimumab at weeks 24 and 52 (Figs. S6 and S7 in the Supplementary Appendix).
Safety
Rates of discontinuation resulting from adverse events from baseline through week 24 were 3% with placebo, 5% with baricitinib, and 2% with adalimumab ( Table 2) . Rates of serious adverse events through week 24 were 5% with placebo, 5% with baricitinib, and 2% with adalimumab, with no particular type of event contributing to the lower rate observed with adalimumab. Five deaths were reported: one in the placebo group, two in the baricitinib group, one in the adalimumab group, and one in a patient in the placebo group who received rescue treatment with baricitinib (Fig. S1 in the Supplementary Appendix). Rates of cancer through 24 weeks were less than 1% each with placebo and baricitinib and 0 with adalimumab (Table 2) .
Adverse events were more frequent with baricitinib and adalimumab than with placebo The least squares mean (LSM) change from baseline in structural progression was evaluated with the use of the van der Heijde modification of the total Sharp score (mTSS), with scores ranging from 0 to 448, with higher scores indicating greater structural joint damage. Also shown are scores for erosion and joint-space narrowing. This evaluation included all the patients with a baseline measurement and at least one postbaseline radiograph for the assessment of progression of structural joint damage, which totaled 1234 patients at week 24. Scores that were missing or acquired subsequent to rescue treatment or to a treatment switch as defined in the protocol were imputed with the use of linear extrapolation from baseline and the most recent postbaseline data obtained before or at the initiation of rescue or switch therapy. T bars denote the standard error. Two asterisks denote P≤0.01 and three asterisks P<0.001 for 4 mg of baricitinib or adalimumab versus placebo. A dagger indicates that comparisons between baricitinib and placebo and between baricitinib and adalimumab with respect to the primary and key secondary end points are statistically significant as calculated with the graphical method for multiple testing, with the studywise error rate strongly controlled at an alpha level of 0.05 for multiple comparisons. 23 (5) 6 (2) 38 (8) 13 (4) Any adverse event after start of therapy -no. (%)
295 (60) 347 (71) 224 (68) 384 (79) 253 (77) Withdrawal because of adverse event -no. (%)
17 (3) 24 (5) 7 (2) 36 (7) 13 (4) Infection -no. (%)
134 (27) 176 (36) 110 (33) 233 (48) 145 (44) Herpes zoster -no. (%)
(<1)
7 (1) 4 (1) 11 (2) 5 (2) Tuberculosis -no. 7 (1) 5 (1) 2 (<1) 10 (2) 5 (2) Cancer -no. T h e ne w e ngl a nd jou r na l o f m e dicine (Table 2) ; rates of adverse events (including infections) associated with baricitinib and adalimumab were similar through 52 weeks. Rates of serious infection were similar with placebo, baricitinib, and adalimumab through week 24 (1%, 1%, and <1%, respectively) and with baricitinib and adalimumab through week 52 (2% each). Herpes zoster was seen in all groups (at a rate of 2% in both the baricitinib and adalimumab groups); most cases occurred in Asia. One patient in the baricitinib group had a herpes zoster rash that was distributed beyond the primary and adjacent dermatomes, but the patient recovered without complications. Mean changes in laboratory values from baseline, increases in grade according to the National Institutes of Health Common Terminology Criteria for Adverse Events, and observed mean values for selected laboratory analytes through weeks 24 and 52 are provided in Table 2 , and in Tables S7 and S11 in the Supplementary Appendix. With baricitinib, the mean hemoglobin level was stable at week 24 and increased from baseline at week 52; with adalimumab, the mean level increased from baseline at both week 24 and week 52. Reductions in neutrophil counts were observed with baricitinib and adalimumab. Early increases in lymphocyte counts were seen with baricitinib and adalimumab but not with placebo; counts returned to baseline through weeks 24 and 52 in the baricitinib group, and counts remained elevated in the adalimumab group. Modest increases in platelet counts were seen with baricitinib, whereas a decrease was seen with adalimumab. There was no significant difference between groups in rates of thrombocytosis as defined in the protocol (>600,000 cells per cubic millimeter).
Increases in alanine aminotransferase levels were observed with baricitinib and adalimumab (mean changes from baseline, 5.9 and 5.3 IU per liter, respectively, at week 24); most increases were transient, and no elevations of grade 2 or higher coincided with increases in bilirubin levels. A total of five patients (three in the baricitinib group and two in the adalimumab group) permanently discontinued treatment for adverse events related to the liver by week 52. Small increases in the mean serum creatinine level were seen with baricitinib and adalimumab; most increases in grade were transient, and none exceeded grade 1 in patients taking baricitinib or grade 2 in patients taking adalimumab. Serum creatine phosphokinase levels increased with baricitinib and adalimumab. Among the few patients with elevations at grade 3 or 4, most had associated increases in physical activity, abnormally high values at baseline, or both (Table S12 in Supplementary Appendix). Levels of low-density lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol increased with baricitinib and adalimumab as compared with placebo at week 24, with LDL cholesterol levels remaining stable and HDL cholesterol levels decreasing slightly (but increasing relative to baseline values) between weeks 24 and 52 in the two groups. For some analytes (e.g., serum levels of creatinine, creatine phosphokinase, LDL cholesterol, and HDL cholesterol), changes were directionally similar with baricitinib and adalimumab but larger with baricitinib.
Discussion
In this study of patients who had had an inadequate response to methotrexate and had not been treated with biologic DMARDs, a regimen of 4 mg of baricitinib once daily was compared with placebo or 40 mg of adalimumab every other week. All patients received background treatment with methotrexate, a context in which adalimumab has proved to be most efficacious. 20 All objectives that were included within the context of strong multiplicity control were met. Baricitinib showed significant clinical benefits as compared with placebo at week 12 along with greater efficacy than adalimumab according to ACR20 response rate and diminished disease activity according to DAS28-CRP. As compared with placebo, significant inhibition of radiographic progression of disease was observed at week 24 with both baricitinib and adalimumab.
Adverse events, including infections, were more frequent with baricitinib and adalimumab than with placebo through week 24. Serious adverse events through week 24 were more frequent with baricitinib and placebo than with adalimumab. Baricitinib and adalimumab were both associated with reductions in neutrophil counts, increases from baseline in aminotransferase and creatinine levels, and increases from baseline in LDL and HDL cholesterol levels.
Baricitinib in Rheumatoid Arthritis
This study has several limitations. Although the design allowed for the use of placebo for 24 weeks, a rescue option was mandated at 16 weeks for patients who did not show a response to treatment to address ethical concerns about continuing placebo in patients with active disease. Although 27% of the patients who had been assigned to placebo received rescue treatment and 11% of those assigned to placebo discontinued placebo before receiving rescue treatment or being switched to baricitinib at week 24 (in keeping with the study protocol), patients remained unaware of their initially assigned treatment until the end of the study. The study enrolled patients who had had an inadequate response to methotrexate. Among these patients, only 15 to 18% in each treatment group were receiving other conventional synthetic DMARDs. Thus, the study has a limited capacity to assess the effectiveness of baricitinib when used in combination with conventional synthetic DMARDs other than methotrexate.
Despite advances in the management of rheumatoid arthritis, limitations in treatment remain. These include limitations associated with the parenteral delivery of biologic drugs, the fact that not all patients have a response to conventional synthetic DMARDs or biologic DMARDs (whether administered alone or in combination), and the frequent need for polypharmacy. Furthermore, conventional synthetic DMARDs have a relatively slow onset of action and are generally less effective than biologic DMARDs in inhibiting structural joint damage. [21] [22] [23] [24] Our study showed that for the outcome measure used as the primary end point, the combination of baricitinib plus methotrexate was superior to adalimumab plus methotrexate, the latter being a current standard-of-care treatment in this patient population.
In conclusion, in patients with active rheumatoid arthritis despite receiving therapy with methotrexate, the addition of once-daily oral baricitinib was associated with improvements in signs and symptoms, physical function, patientreported outcomes, and progression of structural joint damage as compared with placebo and with improvements in ACR20 response and DAS28-CRP as compared with adalimumab.
